ABSTRACT
Introduction
nuclease p1 (ec 3.1.30.1), an extra-cellular enzyme was first identified by Kuninaka et al. from Penicillium citrinum (17) . It can cleave 5′-nucleotides (e.g. 5′-AMP, -GMP, -CMP and -UMP) successively from the 3′-hydroxy termini of 3′-hydroxy-terminated oligonucleotides originating from RNA (16, 20) . When nuclease p1 is added during the production of baker yeast, it hydrolyses the yeast RNA efficiently into 5′-GMP. An interesting feature of 5′-GMP is that it acts synergistically with monosodium glutamate and thus can largely replace monosodium glutamate in various food products. 5′-nucleotides have been widely used in food process and pharmaceutical industry (9) . They can be used to synthesize antivirus and anticancer medicaments as an acridine (24) . The nucleotides' derivates have important uses for the illness of human's central nervous and circulatory system.
Immobilization of enzymes on insoluble supports is a significant process due to its promising potential in improving enzyme thermal or pH stability, easing product purification, and facilitating enzyme recycling (1, 3, 4, 6, 10, 11, 19) . Therefore, immobilized enzymes are widely applied in the fields of biocatalysis and biosensors (5, 14, 22, 23, 26) . The use of cellulosic materials as supports for immobilization of small molecules, proteins, and cells has received considerable attention for many years and possible applications have been extensively pursued. Chemically, cellulose is composed of β-D-glucopyranosyl units linked by (1→4) bonds. Cellulose has been used most often as a support in ion exchange and affinity chromatography. Its advantages are accessibility, low cost, hydrophilic character, and hydroxyl groups on the surface capable of chemical reaction.
To the best of our knowledge, studies of nuclease p1 immobilized on paper cellulose are rare and have not been reported. In this paper, nuclease p1 was immobilized on paper cellulose. Preparation of immobilized enzyme and its characterizations were studied systematically. All the results obtained in this paper would provide a sound basis to further exploration.
Materials and Methods
Materials P-β-sulfuric acid ester ethyl sulfone aniline (SESA) was purchased from Sigma. Groundnut meal was a gift from Hangzhou Zhongmeihuadong Pharmaceutical Co., Ltd. (Hangzhou, China). Glucose kit was purchased from Ningbo Cicheng Reagent corporation (Ningbo, China). The nuclease p1-producing strain Penicillium citrinum used throughout the study was kindly provided by Hangzhou Meiya Biotechnical Co. Ltd. (Hangzhou, China). All other reagents were of analytical grade.
Culture conditions for nuclease p1 production
For nuclease p1 production, the bacteria was grown at 30°C in a medium (pH 7.0) consisting of (w/v): sucrose 3.0%, potassium dihydrogen phosphate 0.10%, ferrous sulfate 0.010%, sodium nitrate 0.30%, magnesium sulfate 0.050%, potassium chloride 0.050%, and potato extract 20%. This 24 h grown mother culture (10 ml) was used to inoculate 50 ml of production medium containing (w/v): glucose 6.0%, peptone
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0.20%, groundnut meal 0.50%, zinc sulfate 0.030%, calcium carbonate 0.040%, and potassium dihydrogen phosphate 0.10%. The pH of the medium was adjusted to 5.4 by HCl. Erlenmeyer fl asks (500 ml) containing 50 ml of medium were incubated at 28°C in an orbital shaker at 240 rpm for 49 h. The nuclease p1 solution was harvested by centrifugation at 4000 rpm at 4°C for 10 min, and the thus obtained supernatant was used as the crude enzyme preparation.
Immobilization method
Etherifi cation: 0.50 g SESA was added into 5.0 ml distilled water. The pH was adjusted to 7.0 at 40°C using 1.0 mol/l na 2 co 3 . Half gram of paper cellulose was added into the above solution. Then pH was adjusted to 13.0 using 0.50 mol/l NaOH. It was heated for 30 min at 100°C. ABSE cellulose was washed using 0.050 mol/l NaOH and water.
Diazotization: ABSE cellulose was mixed with 2.5 ml distilled water,1.0 mol/l HCl 1.25 ml and 5.0% NaNO 2 1.25 ml. This reaction was continued for 15 min in ice bath. Finally, the product was washed using 0.050 mol/l HCl.
Coupling: the product above was reacted with enzyme solution containing 10% ammonium sulphfate for 1 h. pH was adjusted to about 7.0 using 1.0 mol/l Na 2 co 3 . After that, it was washed using 1.0% NaCl and water. Immobilized enzyme could be obtained.
Characterizations of immobilized enzyme
Determination of optimum pH and pH stability Effect of pH on free and immobilized enzyme was studied by assaying the enzymes at different pH values (4.0-7.5). pH stability was studied by pre-incubating the enzyme in buffers of different pH values (4.2-7.5), at 65°C for 30 min. The remaining activities were determined as described in the method section.
Determination of optimum temperature and thermal stability
To determine the optimum temperature for free and immobilized enzyme, the activities of nuclease p1 were measured at various temperatures using RNA as the substrate. The thermal stability was studied by incubating the enzyme at 30, 40, 50, 60, 65, 70, 75, 80 and 90°C for 30 min. The residual activities were determined as the method section described. Determination of K m and V max K m and V max values of free and immobilized enzyme were determined by measurement of measuring activities with various concentrations (0.75, 1.5, 2.25, 3.00, 3.75, 4.50, 5.25, 6.00, 7.50, 9.00, 10.5 mg/ml) of RNA substrate. Kinetic constants were calculated as described by the LineweaverBurke method.
Nuclease p1 assay
The activity of nuclease p1 was measured by the method of Fujishima et al (8) and (7). The nuclease p1 acti vity was measured in terms of the amount of acid-soluble nuc leotides produced by RNA hydrolysis which is catalyzed by nuclease p1. Enzyme solution (0.10 ml) or immobilized enzyme (0.10 mg) was incubated with substrate solution (1.0% RNA (w/v), 0.125 M acetate buffer, pH 5.4, 3.0 mM Zn
2+
) at 69°C for 15 min. The reaction was stopped by adding 2.0 ml of icecold nucleic acid precipitator (0.25% ammonium molybdate dissolved in 2.5% perchloric acid, w/v). The mixture was settled at ice-bath for more than 10 min. The precipitated RNA was removed by centrifugation at 4000 rpm at 4°C for 10 min. The supernatant fl uid was diluted 50-fold with distilled water. The absorbance at 260 nm of the diluted solution was read with a blank incubation without enzymes. The activity (U) of nuclease p1 was calculated according to the following formula: enzyme activity (U/ml )=OD260×4.0×50/0.1×15=OD260×a×133.3 where a is a dilution factor of the enzyme before the enzyme activity assay.
One unit of enzyme activity was defi ned as the amount of enzyme that produced an increase in the optical density of 1.0 in 1 min at 260 nm.
Protein assay
Protein was measured by the method of Bradford M. (2) . This is a rapid and sensitive method for quantitation of microgra m quantities of protein using the principle of protein dye-binding, with bovine serum albumin (BSA) as standard. The concentration of protein during purifi cation studies was calculated from the standard curve.
Data analysis
Experiments were done in duplicate and samples assayed in triplicate with variations below 5% among them in all cases.
Results and Discussion

Preparation of immobilized enzyme Effect of etherifi cation pH on immobilized enzyme activity
Effect of etherifi cation pH on immobilized enzyme activity is shown in Fig. 1.   Fig. 1 . Effect of etherifi cation pH on immobilized enzyme activity Immobilized enzyme activity was low when etherifi cation pH was at 9.0 and 10.0 (Fig. 1) . When etherifi cation pH was higher than 9.0, immobilized enzyme activity was increased with the increasing of pH. The highest enzyme activity could be obtained when pH was 13.0. If etherifi cation pH was further increased (pH 14.0) immobilized enzyme activity would be decreased. The reason lies in the structure of paper cellulose which may be changed due to excess OH -. the optimal etherifi cation pH for lipase is 10.0 studied by our group (25) . The optimal etherifi cation for nuclease p1 is higher than that for lipase.
Effect of couple pH on immobilized enzyme activity
Effect of couple pH on immobilized enzyme activity is shown in Fig. 2 . Immobilized enzyme activity was increased with the increasing of couple pH (Fig. 2) . When the solution was acidic, enzyme activity was not high. It meant that the enzyme was easily inactived at acidic solution. The maximum enzyme activity could be obtained when couple pH was 7.0. When couple pH was more than 7.0, enzyme activity was decreased with the increasing of couple pH. Diazo acid was easy to be formed at alkaline solution. Thus, enzyme activity began to decrease. This trend is same as that reported by our group (25) . 
Effect of couple time on immobilized enzyme activity
Effect of couple time on immobilized enzyme activity is shown in Fig. 3 . The coupling reaction rate was very high as it is shown there. This reaction was completed within one hour. Enzyme activity was improved when couple time was prolonged from 30 min to 50 min and then kept unchanged. 
Effect of couple temperature on immobilized enzyme activity
Effect of couple temperature on immobilized enzyme activity is shown in Fig. 4 . At higher temperature (over 10°C upward) the enzyme activity loses partly owing to the acceleration of the outspreading and the conformation change of enzyme molecules (15, 18) , hence leading to the decrease in the total relative activity. Fig. 5 and Fig. 6 . It was found that the total relative activity increased with the amount of enzyme from 1.0 ml to 5.0 ml and then remained unchanged with further increasing the amount of enzyme (Fig. 5) . When enzyme amount was 3.0 ml, the maximum enzyme recovery could be obtained. With enzyme amount being increased further, immobilized enzyme recovery began to decrease (Fig. 6) , but, enzyme activity was increased. When enzyme amount was 6.0 ml, enzyme activity was highest. The recovery was only 55%. This result is similar with that reported by (21) .Before the binding sites on the surface of the paper cellulose were saturated, immobilized enzyme activity was increased with the increasing of enzyme amount. But, when it was saturated, immobilized enzyme activity cannot be increased with the increasing of enzyme amount.
Effect of enzyme amount on immobilized enzyme activity Effect of enzyme amount on immobilization is shown in
Effect of (NH 4 ) 2 SO 4 concentration on immobilized enzyme activity
Effect of (NH 4 ) 2 SO 4 concentration on immobilized enzyme activity is shown in Fig. 7 . enzyme activity was low when (nh 4 ) 2 SO 4 concentration was zero (Fig. 7) . Immobilized enzyme activity increased with the increasing of (NH 4 ) 2 SO 4 concentration. However, immobilized enzyme activity decreased when (NH 4 ) 2 SO 4 concentration was higher than 10%. The reason may be a certain number of Diazo groups occupied by (NH 4 ) 2 SO 4 .
Optimum of immobilized conditions
According to the results of One-factor-at-a-time method, four factors that mainly affected the enzyme activity were selected to determine which factors were significant. The factors were couple pH, etherification pH, (NH 4 ) 2 SO 4 concentration and enzyme amount. Orthogonal design is shown in Table 1 .
Orthogonal experimental results and analysis of the results are shown in Table 2 and Table 3 , respectively. Table 2 ). The optimal condition was A 2 B 2 c 2 D 2 . that was couple ph 12, etherification pH 7.0, (NH 4 )2SO 4 concentration 10% and enzyme amount 6.0 ml.
Significant factor affecting the enzyme activity was couple ph (Table 3) . Therefore, during the preparation of immobilized enzyme, the most important thing was to control couple pH.
To confirm the optimal conditions, a set of four replicate experiments with the optimal conditions were carried out. The average relative enzyme activity was 100.6%. 
Characterizations of immobilized enzyme Optimum pH
Compared with free enzyme, optimum pH of immobilized enzyme was increased with 0.5 units (Fig. 8) , which was close to those reported by other investigators (13, 15) . It can also be seen that the activity range of the immobilized enzyme was broader than that of the free enzyme, indicating the increasing of the enzyme tolerability to the pH variance surrounding. The optimum pH value of an immobilized enzyme is shifted to a higher or lower pH, which depends on surface charges of the supports (12). pH stability of enzyme pH stability of the enzyme was enhanced after the enzyme was immobilized (Fig. 9) . enzyme can be in the micro-environment that is formed by the supports. The change of the solution pH did not affect the protection layer of the supports. Maybe there is interaction between the supports and nuclease p1, making the conformation of the enzyme molecules more fi rm. Optimum temperature Effect of temperatures on enzyme activity is shown in Fig. 10 .
The optimum temperature of immobilized enzyme has been increased by 10°C. This means that the immobilized enzyme has higher resistance to the change of temperature than that of free enzyme. At low temperature level, the activity of both free and immobilized enzyme was increased with the increasing of temperature and the enzyme activity of the free enzyme was higher than that of the immobilized one. This may be explained by considering the molecular diffusion resistance and the conformational change of the enzyme immobilized on the supports because of the decrease of the reaction rate with the immobilized enzyme. At high temperature level, the activity of both free and immobilized enzyme decreased sharply with the increase of temperature. Possible explanation is that the increasing of temperature made the enzyme molecules outspreaded acutely and ultimately lost their biocatalytic activity. The infl uence of temperature on enzyme activity was similar when immobilized and free enzymes were incubated in water bath for 30 min (Fig. 11) . The activity of both free and immobilized enzyme decreased sharply with an increase of the temperature up to 70°C. The activity of immobilized enzyme on paper cellulose remained more than 95% after it has been incubated at 70°C for 9.0 h (Fig. 12) . however, only 63% activity of free enzyme was kept at the same condition. Compared with free enzyme, thermal stability of immobilized enzyme on paper cellulose has been greatly increased, probably because immobilized enzyme has more stable three dimensional structure, making the ability of heat-resistant enzyme denaturation enhanced. The improvement of optimum temperature and thermal stability of the enzyme is favorable for its industrial application.
Storage stability of enzyme
Storage stability of immobilized enzyme was quite good (Fig.  13) . The activity remained unchanged after 90 days. However, more than 10% activity of free enzyme was lost after 90 days. Maybe the lysine in the enzyme was protected when nuclease p1 was immobilized, thus making it diffi cult to cause protein autolysis. The increasing of storage stability of immobilized enzyme is very favorable for the industrial application.
Storagetime /d Fig. 14 and Table 4 . Michaelis constant of immobilized enzyme were fi ve times lower than that of free enzyme ( Table 4) . it meant that the affi nity of immobilized enzyme with substrate has been increased.
Conclusions
Nuclease p1 immobilized on paper cellulose was studied in this article. Optimal immobilization conditions were as follows: couple pH 12, etherifi cation pH 7.0, (NH 4 ) 2 SO 4 concentration 10% and enzyme amount 6.0 ml. After nuclease p1 was immobilized on paper cellulose, characterizations of immobilized enzyme, such as optimum pH, optimum temperature and storage stability were signifi cantly better than those of free enzyme. This makes immobilized nuclease p1 better adapted to pH and temperature variations, and thus more conducive to industrial production.
